Introduction
The therapeutic benefits of plasmapheresis in the management of patients with malignant paraproteinaemia are well established (Schwab and Fahey, 1960;  Conway and Miles Walker, 1962; Skoog et al., 1962; Lawson et al., 1968) , but such procedures are associated with certain disadvantages. They are time-consuming, technically difficult, and though removing abnormal protein also deplete the patients of normal proteins. Godal and Borchgrevink (1965) described the case of a patient with macroglobulinaemia developing pneumonia after plasmapheresis attributed to the removal of normal immunoglobulins, and Solomon and Fahey (1963) , in a similar situation, noticed a reduction in serum albumin after the removal of 1 litre of plasma daily for four days, which was sufficient to cause ankle oedema.
The purpose of this paper is to show that the NC1 IBM cell separator overcomes these difficulties. The separator exchanges the patient's plasma for reconstituted freeze-dried plasma, and large quantities of abnormal protein are removed not only quickly and easily but also with the special advantage of replacing the patient's own deficiencies of albumin and normal immunoglobulins. -This is a machine designed for the collection of leucocytes from peripheral blood (Buckner et al., 1969; Powles et al., 1971) . However, it can be used for plasma exchange. In the management of patients with paraproteinaemia the patient's plasma is exchanged for freezedried plasma. Blood is continuously drawn from the antecubital vein in one arm and separated into cells and plasma in a centrifuge bowl. The blood is exposed to a high gravitational force (lOOg) so that platelets are removed from the patient's plasma before exchange occurs, and these platelets are returned to the patient with the other cells; this is important because the platelets in freeze-dried plasma are destroyed. The patient's plasma is then removed in exchange for reconstituted normal freeze-dried plasma which is mixed with the patient's separated cells and returned to a vein in another limb. Consequently whole blood with the abnormal protein greatly reduced is therefore returned to the patient. A dual-channelled auxiliary pump and special tubing sets (Avon Medical Ltd.) ensure that the volume of the patient's plasma removed equals the volume of reconstituted freeze-dried plasma returned to the patient.
If the patient is anaemic the donor red cells may be exchanged for the patient's plasma, correcting the anaemia without altering the total blood volume. About 2-5 litres of whole blood is processed every hour, and patients are treated for up to seven hours in a single session without undue discomfort. Heparin is used as an anticoagulant, the patient receiving 3,000 units intravenously before treatment starts and thereafter continuously 2,000 units every hour. Particular care is needed if the abnormal protein is a cryoglobulin. The centrifuge bowl is kept at about 33°C by means of radiant heaters, and extracorporeal fluids-that is, blood, plasma, and heparinized saline-are kept at 400C.
Biochemical Estimations.-All biochemical estimations were performed on fresh serum collected and separated at 37°C and stored at -200C. Viscosity was measured by forcing a constant volume of plasma at 37°C through a 1-mm aperture at constant pressure. The results were expressed in seconds and were compared with that of donor plasma.
Results
Eleven patients with paraproteinaemia were treated with plasma exchange on 50 occasions over a period of two years.
CLINICAL IMPROVEMENT
The clinical indications for plasma exchange in the patients studied are shown in Table I and the results are as follows: Table II . In all instances the amount of abnormal protein in the plasma was greatly reduced. The total amount of abnormal protein removed in these patients was always large-for example, a 6 5-1. plasma exchange removed 520 g of abnormal protein from a patient with multiple myeloma (Case 1) in six hours.
Normal Plasma Proteins.-Changes occurring in serum albumin during plasma exchanges were studied in four patients on 11 occasions (Table III) . On all but two occasions the serum albumin was higher on completion of plasma exchange. Similar increases were seen with the normal immunoglobulins (Table  II) patient who developed pulsus bigeminus, severe hypotension, and perioral tingling after 1-5 1. of plasma had been exchanged. Intravenous calcium gluconate was given and after 20 minutes the patient fully recovered. The electrocardiogram showed no evidence of acute myocardial damage. Serum total calcium levels were found to be between 7'8-9-7 mg/100 ml.
All patients now have continuous electrocardiographic monitoring during plasma exchange and there have been no instances of changes attributable to hypocalcaemia.
Removal of Cryoglobulins
A woman of 67 with myelomatosis (Case 2) and cryoglobulinaemia had multiple painful necrotic microinfarcts on both legs. After only 1-5 1. of plasma had been exchanged the plasma in the machine gelled in spite of correct temperature control; however, even this aborted procedure removed sufficient cryoglobulin to allow 4-2 1. of plasma to be exchanged two weeks later without mishap. During the following three weeks the lesions on her legs became less painful and healed to an extent not seen for many months previously. Two other patients with cryoglobulins have been treated on five occasions with similar improvement in symptoms.
RATE OF REMOVAL OF ABNORMAL PROTEIN
A 55-year-old man with macroglobulinaemia (Case 7) had 4 1. of plasma removed by conventional plasmapheresis over | Exchanged (1.) \ g/10 ml g/10 ml mg/lO0 ml mg/100 ml mg/IOO ml mg/lO0 ml mEq/l. mEq/l. mE/ql. mEq/l. a period of seven days while in hospital. The total protein concentration was reduced by 2-2 g/100 ml and returned to the original level in two weeks. The same patient then had 6 1. of plasma exchanged with the IBM cell separator, reducing the plasma protein concentration by 4-0 g/100 ml. 
Discussion
The medical indications for plasma exchange in patients with paraproteinaemia are the same as for conventional plasmapheresis, but plasma exchange has many advantages. The processing of large volumes of blood is rapid, simple, and safe. Clotting in the cannulae is rare because of the continuous flow of the patient's blood during separation. This is a notorious difficulty with conventional plasmapheresis, especially in macroglobulinaemia and cryglobulinaemia, often limiting the volume of plasma which can be removed.
The use of reconstituted freeze-dried plasma for plasma exchange has advantages for patients initially deficient in normal plasma constituents such as immunoglobulins or albumin. These deficiencies are corrected as the exchange approximates the composition of the patient's plasma to that of reconstituted freeze-dried plasma. Conventional plasmapheresis has an opposite effect. Kliman et al. (1964) showed that the removal of 5 1. of plasma in five days in normal subjects caused a substantial decrease in both albumin and globulin concentrations and the depression of the gammaglobulins was of prolonged duration. These observations may be of importance as most patients with paraproteinaemia have lowered concentrations of normal immunoglobulins.
It is well known that plasmapheresis may stop haemorrhage in patients with paraproteinaemia. Solomon and Fahey (1963) arrested gastrointestinal haemorrhage in a patient with hyperglobulinaemia by the removal of 2 1. of plasma. The IBM cell separator may have an advantage over plasmapheresis in stopping bleeding owing to its ability to supply some clotting factors present in freeze-dried plasma, in some of which the patient may be deficient. In this study bleeding from either the gums or nasopharynx usually ceased after the first litre of plasma had been exchanged in spite of the fact that the patient was receiving heparin.
Repeated plasmapheresis in patients with cryoglobulins in the blood may be of great clinical benefit. Solomon and Fahey (1963) showed improved tolerance to cold in cryglobulinaemia if the serum concentration of the abnormal protein was reduced by plasmapheresis, and this occurred even with relatively normal serum viscosities at body temperature. The problem of removing cryoglobulins, however, has become much simpler by using the IBM cell separator which can be kept at above 33°C with radiant heaters. The constant flow of the blood facilitates this effect.
For rapid reversal of neurological symptoms associated with the viscosity syndrome the IBM cell separator seems far superior to conventional plasmapheresis. Solomon and Fahey (1963) A major theoretical disadvantage of using freeze-dried plasma is the possible transmission of viral hepatitis. So far there has been no clinical or biochemical evidence of hepatitis in any of the patients treated. A study is at present under way to see if the Australia antigen has appeared at any time during the treatment of these cases. Another disadvantage is the need to give anticoagulant drugs. During these investigations there was no morbidity which could be attributed to anticoagulation.
Clearly plasma exchange with a blood cell separator offers a definite advantage over regular plasmapheresis in the management of patients with paraproteinaemias.
